Objective: Prospective evaluation of early stent-graft repair of acute traumatic aortic rupture. Methods: Twelve patients with acute traumatic aortic rupture of the descending aorta, out of a series of 337 endovascular aortic procedures, were treated by implantation of selfexpanding stent-grafts. The procedures were performed within a mean post-injury time-period of 5^7 days (median: 1 day). The feasibility of stent-grafting was assessed by CT scanning and echography. Implantation was performed under local (n ¼ 6), or general anesthesia (n ¼ 6) if patients were already intubated (n ¼ 5) or required a common iliac artery access (n ¼ 1). Results: The immediate technical success rate was 100%. There were no post-procedure complications in all but one patient, who died 12 h postoperatively (8% mortality). Complete sealing of the aortic rupture in the remaining 11 patients was confirmed by postoperative CT scans. There were no interventionrelated morbidity or mortality during the mean follow-up of 17 months. One patient with peri-graft leakage was successfully repaired with an additional stent-graft 12 months postoperatively. Conclusion: Non-delayed or early stent-grafting in acute traumatic rupture of the descending aorta is feasible. This technique seems to be a valuable option, in particular when associated lesions may interfere with the surgical outcome. Immediate post-procedural CT scanning and/or echography should be performed, in order to rule out residual leakage. q
Introduction
Blunt aortic injury has an extremely high pre-hospital mortality with rates between 80 and 90% [1, 2] . Without appropriate treatment 30% of survivors who reach the hospital die within the first 6 h [3] . Although techniques in aortic surgery have improved over the years, morbidity and mortality rates still remain high [4, 5] . In traumatic aortic injuries, delaying surgical intervention until recovery of additional life-threatening lesions has occurred, seems to be an advantageous option in the management of stable and non-bleeding lesions [6] [7] [8] .
With the introduction of the endoluminal aortic stentgrafting, a new strategy was introduced for treatment of aortic pathologies, especially aneurysms. The first encouraging experiences have been published by Parodi et al. in 1991 [9] . Other investigators have reported the efficacy and safety of this less invasive alternative to surgical graft placement [10] [11] [12] . More recently, the successful endovascular treatment of subacute and chronic traumatic descending aortic ruptures have been reported [12] [13] [14] [15] [16] , but only little is known about aortic stent-graft repair performed in an emergency setting [13, 14] .
The purpose of the present study was to prospectively evaluate the implantation of stent-grafts in the acute phase, in order to avoid emergent open surgery and its high complication rates.
Materials and methods
The study was approved by our ethical committee and informed consent was obtained in all the cases, either by the patients themselves or their relatives. treated by stent-grafting. Over the same period of time a total of 54 thoracic and 283 abdominal aortic endovascular procedures have been performed at our institution.
Of the 12 stent-graft patients, only one presented with a minor and limited thoracic injury (serial rib fractures and lung contusion). The other 11 patients suffered from at least two additional severe lesions, including lung contusion (n ¼ 9) and/or serial rib fractures (n ¼ 11, bilateral in eight) with reduced respiratory function, cerebral contusion and/or hemorrhagic lesions (n ¼ 7) with neurological deficits, laceration of liver (n ¼ 4) and/or kidney (n ¼ 4) with functional impairment, and extremity (n ¼ 6) and/or pelvic fractures with major hemathoma (n ¼ 6). Nine of the twelve patients were classified as ASA IV and presented contraindications for systemic heparinization and/or emergent thoracic vascular surgery.
Mediastinal widening was detected on chest X-ray in all the 12 cases. Diagnosis and feasibility of stent-grafting was assessed by spiral contrast-enhanced CT and trans-esophageal echography in all the patients. Periaortic and/or mediastinal hematoma was detected in nine patients and intramural hematoma in three patients. Morphologic findings of the aortic injury were as follows: intimal tear with localized dissection in seven patients, contained semicircumferential transsection in four patients and contained circular transsection in one patient. In nine/12 cases the lesion was located more than 2 cm below the origin of the left subclavian artery, but in three patients, the neck length was shorter (between 5 and 10 mm; Figs. 1a and 2a).
Endovascular aortic repair
In our early experience, stent-grafting was only considered after recovery of associated life-threatening lesions (n ¼ 3). In that time-period, open surgery was performed in five additional cases. Impressed by the safety and simplicity of the endovascular technique and the advantages of a minimally invasive approach, we decided to extend the indication to all anatomical suitable cases. Since then, nine/12 (75%) pt with acute traumatic aortic rupture have been treated with early stent-grafting.
Stent-grafting was classified in all the 12 cases as acute, according to Kato's classification of traumatic thoracic aortic injuries [15] . The mean post injury time-period before stent-grafting was 5^7 days (median: 1 day), with the procedure being performed within of 24 h in nine patients, at 1 week in one patient and at 3 weeks in two patients.
The endovascular option was considered in all patients with contained rupture and having a proximal neck with a length of normal appearance of greater than 5 mm and a diameter of ,36 mm. Stent-grafting was performed after surgical treatment of non-aortic life-threatening lesions in seven patients. Four patients underwent stent-grafting first. The remaining patient did not require any additional surgery. Endovascular aortic repair was performed under local anesthesia (n ¼ 6) or general anesthesia (n ¼ 5) when patients were already intubated, or when retroperitoneal access was mandatory (n ¼ 1). Depending on the associated lesions and the bleeding risk, no heparin at all (n ¼ 3) or a maximal dose of 5000 IE of Heparin was administrated i.v. and completely reversed after stent-graft delivery. Mean heparinization-time was 30^25 min. Fluoroscopy and angiography were used for guidance during the procedure and for confirmation of stent-graft position. In patients with a short proximal neck (Figs. 1a and 2a) , a pigtail catheter, introduced percutaneously through the left brachial artery was used to identify the exact origin of the left subclavian artery (Fig. 1b) .
Endovascular stent-grafts
All patients have been treated by implantation of one unique self-expanding stent-graft (Excluder w (Gore & Associates) n ¼ 9, Talent e (Medtronic, Inc.) n ¼ 2, Schneider covered Wallstent (Boston Scientific) ¼ 1). The diameter and length of the endovascular prostheses was chosen based on contrast enhanced volumetric CT data sets of the aorta and pelvic access arteries allowing multiplanar reconstructions. Stent-grafts were oversized by 10-15%. The mean size of the stent-grafts was 33^5 mm diameter (range 20-36 mm) and 14^5 cm length (range 7-15 mm).
Results
The mean procedure time was 96^24 min (median 83 min, range 75-180 min). Immediate technical success rate was 100%, as the aortic lesion could be excluded in all the cases by the stent-graft procedure as intended. The origin of the left subclavian artery was partially overstented in four patients without significant flow restriction and therefore a carotid to subclavian artery bypass was not needed. Median intraoperative blood loss was 350 ml.
Only one patient had a post-procedure complication. The patient with the isolated thoracic injury but semi circumferential rupture developed a severe and intractable hemorrhagic shock and died 12 h postoperatively in the ICU (mortality rate of 8%). Postmortem examination suggested the probable cause to be an undetected incomplete proximal sealing. There was no additional procedure-related postoperative morbidity or mortality. Postoperative CT-scans performed before discharge from hospital showed correct positioning of stent-graft as well as complete sealing of aortic rupture in the 11 survivors. During the mean follow-up of 17 months, no intervention-related morbidity or mortality occurred. During this follow-up period, an uncomplicated endovascular reintervention was necessary in one patient because of material failure (polyurethane fabric).
Discussion
Despite advances in surgical and reanimation techniques, surgery for acute aortic rupture is still associated with significant morbidity and high mortality rate up to 30% [1, 15] . Extra-corporeal circulation induces a cascade of inflammatory responses, that can have deleterious consequences when amplified by pre-existing injury-mediated inflammatory state. Moreover, the systemic anticoagulation required for the extra-corporeal circulation, even at reduced dose as with heparin-coated systems, is undesirable in traumatic patients with multiple fractures and/or parenchymatous or intra-cerebral lesions. Postoperative complications, including renal, pulmonary, cardiac and neurological complications have been reported with rates up to 50% CT scan performed directly after stent-grafting. There is no leak that can be detected. Reconstruction shows a satisfactory proximal anchorage [17, 18] . Several studies shown that surgical mortality after aortic injury can be significantly reduced when a deliberately delayed surgical repair is performed [6] [7] [8] [22] [23] [24] .
The risk of developing a free aortic rupture is estimated to be considerably lower in patients with a stable aortic lesion [7, 25] . However, in case of active bleeding, or obstruction of the aortic lumen, immediate treatment has to be provided The significant lower rates of morbidity and mortality for stent-grafting of sub-acute or chronic aortic lesions demonstrate the benefit and advantage offered by this minimallyinvasive technique [5, 11, 19, 20] . With a mortality rate of 8% (one/12 patients), our series suggests that this might also be valid in the acute situation of traumatic rupture of the descending aorta. The origin of the leakage in the one patient that died is not clear (Figs. 1a,b) . Also a more proximal placement of the stent-graft was intended in this patient, it was not achieved. As the angiographic control showed a complete exclusion of the lesion, a proximal cuff was not added. The postmortem angiographic examination at autopsy confirmed the unchanged position of the stent-graft. Since the expansion of such nitinol stent is temperature sensitive and minimal at temperatures below 188C, it is impossible to detect if there was already a proximal leakage. Another possible origin of bleeding could have been residual back-bleeding from the first couple of intercostal arteries and/or bronchial arteries that originates at the level of the isthmus. After this event, a control CT scan was performed in all patients directly after the procedure (Fig. 2b ) in order to more accurately detect any lowflow leakages, originating for example from the intercostal arteries.
The incidence of paraplegia after surgical repair of acute thoracic aortic rupture is reported to be up to 8% [21, 22] and seems to be correlated with aortic cross-clamping and distal hypoperfusion. With arterio-venous femoro-femoral perfusion, postoperative paraplegia could be significantly reduced. With regards to endovascular treatment critical statements have pronounced a higher risk of spinal cord ischemia due to the elimination of intercostal arteries [11] . The placement of endovascular stent-grafts for the treatment of traumatic aortic ruptures did not seem to increase the risk of paraplegia compared to conventional surgical intervention [15] , possibly due to the location of the aortic injury. Up to 70% of traumatic aortic transsection affect the segment of aortic isthmus [2] , therefore only a few branches to the spinal cord might be covered by implanted stent-graft. None of the patients in our series of traumatic aortic rupture treated with emergency endovascular treatment, exhibited paraplegia or associated neurological complications occurred. To avoid a steal phenomenon, a carotid to subclavian bypass should be considered when the left subclavian artery has to be overlapped. Moreover, occlusion of the subclavian artery, proximal to the internal mammary artery, might be necessary to avoid an endoleak.
In conclusion acute endovascular treatment of traumatic aortic rupture with stent-graft is feasible and an advantageous alternative to conventional open surgery. It avoids thoracotomy, aortic cross-clamping and the use of extracorporeal circulation. The main advantages are a shorter procedure time, lower risk and the possibility of using local anaesthesia. If the patient does not suffer from other priority life-threatening injuries, the endovascular repair can be performed at first, thereby eliminating the potential risk of free aortic rupture during surgical treatment and recovery of another traumatic lesions.
